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Abstract 
Bag filters have not been commonly used in DAP plants.  It is possible, however, to employ them as an alternative to cyclones and wet 
scrubbers in certain circumstances.  This paper examines the most appropriate airstreams within the plant for the application of bag filters 
uses and discusses the pros and cons for their use in each case, including an economic assessment for a specific example. 
The paper also discusses the necessary design features for the successful use of bag filters. 
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1. Bag filter types  
There are three basic types of bag filter available, namely: 
1. Pulse Jet 
2. Reverse Air 
ϯ͘ Mechanical Shaker
The bags in mechanical shaker type filters are anchored to a bottom tube plate.  The bottoms of the bags are open.  The 
dirty air enters in the hopper and travels up the inside of the bags, depositing the dust on the inside.  With the pulse jet type, 
the bottoms of the bags are closed and the open tops are anchored to a tube plate.  The dirty air enters, either in the hopper 
or the side of the bag filter casing, and passes from the outside to the inside of the bags depositing the dust on the outside of 
the bags.  Reverse air type filters can have either dust collection on the inside or outside of the bags. 
In the reverse air type, the bag filter is compartmentalized such that the bags being cleaned are isolated from the 
remainder of the unit during the cleaning cycle.  The bags are cleaned by a large reverse flow of air supplied by a fan or 
fans.  Depending on whether the dust is collected on the inside or outside of the bag, the air either pressurizes the 
compartment being cleaned and partially collapses the bags or pressurizes the bags.  In either case the dust cake cracks and 
falls off the bags. 
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The principle of operation of each is shown below in Figure 1: 
Figure 1: Basic types of bag filter available 
Mechanical shaker type bag filters are again compartmentalized.  The bags are suspended from horizontal bars running 
across the top of the housing.  The bags are cleaned by intermittently shaking the bars from which the bags are suspended 
using a motor driven cam. 
The bags in the pulse jet type filter are cleaned by a short burst of compressed air, typically at 7 kg/cm2g, injected 
through a series of common headers located over the top of each row of bags.  The cleaning air is accelerated through 
venturi nozzles located above each bag.  The short burst of air creates a shock wave effect traveling down the length of the 
bag causing the bags to flex and dislodge the cake.  The bags are supported by a metal cage on the inside of each bag which 
prevents the bags from collapsing.  Because the cleaning air is very small compared with the main process air, there is no 
need to compartmentalize this type of bag filter.  The pulse jet cleaning is generally very efficient and, because the operation 
of all the bags is continuous, the air to cloth ratio is much higher than with the other two types and consequently requires 
less space within the plant. 
Fertilizer applications are not the easiest due to the sometimes sticky and hygroscopic nature of the dust.  Our experience 
with reverse air bag filters has been poor whereas pulse- jet type filters have been found to be the most effective for use in 
our industry.  We will, therefore, concentrate on pulse jet filters for the remainder of this paper. 
2. Filter bag design features 
2.1 Filter Bags / Cages  
In theory filter bags can be pleated or smooth.  Bags can be cylindrical or envelope shaped.  We recommend only 
smooth, cylindrical bags.  These bags are typically about 130 mm in diameter.  We also recommend that bag length be 
limited to no more than 12 ft (3657 mm) to ensure efficient cleaning. 
The material and finish applied to the bag will depend on the properties of the dust being handled.  However for DAP, 
polypropylene with a glazed finish is recommended. 
As mentioned earlier, a metal wire cage is inserted into each bag as a support.  Galvanized cages are typically the 
standard, but we recommend stainless cages. 
We have experienced some problems with bridging between the outermost bags in the unit and the outside casing.  To 
avoid this we have had success with removing all bags around the periphery to increase the space between the casing and 
the nearest bag.  This effectively down-rates the standard offering from the vendor but does avoid the bridging problem. 
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2.2 Pulse Jet Cleaning System 
The compressed air injection is normally controlled by two timers; one for frequency and the other for duration.  The 
duration of the pulse is very short – of the order of 0.1 seconds. The frequency is set by monitoring the rise in pressure drop 
and pulse cleaning often enough to prevent a pre-set pressure drop from being exceeded.  Typical pressure drops are in the 
range of 75 to 150 mm.  It is possible to replace the frequency timer with a pressure switch which actuates the pulse 
cleaning to maintain pressure drop although we have not found this to be necessary.  Double diaphragm solenoid valves are 
recommended because they offer extremely quick opening times and improved bag cleaning. 
2.3 Access to the Outlet Air Plenum 
If the unit is to be placed outdoors, a walk-in plenum is specified to gain access to the outlet air plenum.  For indoor 
locations, a walk-in plenum is not required.  Either way, a series of quick release inspection / maintenance hatches are 
provided in the top of the unit (see Figure 2 below).  Opening of these hatches allows access to the pulse pipes, venturis, bag 
cages and bags.  If the units are installed indoors, headroom must be checked to make sure that the bag cages can be fully 
removed.  In case of headroom limitations, split bag cages can be specified. 
Figure 2 
Venturis are normally attached to the cages and the bags are held in place with quick release spring steel bands (See Figure 
3 below). 
Figure 3 
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2.4 Dirty Air Inlet 
Typically vendors provide the choice of dirty air inlets on the side of the housing or in the side of the hopper.  Hopper 
entry is recommended by vendors when dust loadings are very high or the dust is very heavy.  In this way the hopper 
supposedly functions as a pre-collector.  Our experience with hopper entry has not been good with build up problems being 
encountered in the hopper.  We therefore recommend side-housing entry. 
2.5 Hopper 
Vendor’s standard offerings typically have multiple hoppers each with its own discharge, (especially for larger units), as 
shown in Figure 2 above.  We recommend against that arrangement as we have found that hopper build- up occurs where 
one hopper joins the other.  We prefer one long, wedge-shaped hopper with any stiffeners that are required placed on the 
outside walls. 
Depending on the condition of the air being handled (temperature, humidity etc.) we may recommend steam tracing of 
the hopper. 
Build up on the walls of the hopper has also proven to be a problem.  The use of sonic horns, however, has proved useful 
in ensuring that hopper walls are kept clean. 
2.6 Dust Collection / Airlock 
The dust collected in the hopper is removed by screw conveyor for recovery as part of the recycle to the granulator.  
Since the bag filter is under suction, an airlock is required to minimize or eliminate leakage of the surrounding air into the 
process airstream.  The traditional airlock used in this duty has been a rotary valve.  We do not, however, have good 
experience with rotary valves in fertilizer duty, mainly from a maintenance standpoint:   – blockages, wear on the vanes etc. 
2.7 Shutdown Precautions 
Most problems that are encountered with build up occur on shutdown when the temperature of the process air drops 
causing humidity to rise.  We therefore recommend installing a small shutdown heater with recirculation fan. 
A shutdown timer shuts down the main fan and closes its inlet damper.  The heater fan starts and the heater is brought on 
line.  The fan circulates the air through the hopper and the bags to the outlet air plenum and back again.  The temperature 
inside the bag filter unit is maintained at the desired set point by a thermostat.  The entire bag filter unit, of course, is 
insulated. 
2.8 Bag Breakage Detection 
In cases where the plan is to recycle the warm, clean gases from the bag filter to the dryer as dilution air in the 
combustion chamber, we recommend the installation of a dust monitor to detect any increase in dust loading in the airstream 
leaving the filter.  In case high levels of dust are detected, the airstream is diverted to atmosphere temporarily until the bag 
can be replaced or plugged. 
3. DAP plant airstreams 
The airstreams from the dryer, cooler and general plant dedusting (equipment vents) are potential candidates for dust 
recovery using bag filters.  Typical operating conditions for each of those airstreams in a DAP plant are given below in 
Table 1. 
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Table 1 
Dryer Cooler Equipment Vents 
Temperature, oC 88 58 72 
Humidity, kg/kg 0.135 0.02 0.02 
Relative Humidity, % 11 15 7 
Dust Loading, g/m3 30 3 50 
Ammonia Loading, g/m3 4 Negligible 1 
The dryer is not generally considered as a suitable candidate for a bag filter due to its high humidity and the fact that the 
airstream ultimately needs to be scrubbed, in any case, due to its relatively high ammonia concentration. 
Either the cooler or equipment vent’s airstreams could be considered.  The very low ammonia concentration in the cooler 
airstream is an advantage as is the low dust concentration.  The cooler airflow matches or exceeds that of the dryer so that 
all the dilution air requirements would be provided by recycled cooler air. In the equipment vents case, only part of the 
dilution air requirements would be provided.  Table 2 below provides details of the heat that can be recovered by recycling 
either the equipment vents or the cooler airstreams to the dryer. 
The ammonia concentration in the equipment vents system means that some scrubbing would probably also be required 
to bring the concentration down within proper limits, unless the clean air from the bag filter is recycled through the dryer as 
dilution air in the combustion chamber. 
4. Economics 
The impact on capital cost of replacing dry cyclones and wet scrubbing with a bag filter is compared below for each of 
the two options. 
4.1 Cooler 
The cooler airstream is typically scrubbed only in a cyclonic tail gas scrubber located downstream of the cyclones.  The 
pressure drop across the cyclones and the tail gas scrubber is approximately 75 mm higher than would be expected across 
the bag filter alone, resulting in some savings on the fan and associated motor.  Since less air will be scrubbed, the size 
(diameter and height) of the tail gas scrubber will also be significantly reduced along with the capacity of the scrubber 
circulating pumps. 
Table 2 below summarizes the relative capital costs associated with the cyclones / wet scrubber versus the bag filter 
option for a modern world class DAP plant rated at 1 million tonnes per year. 
Table 2 
Total Installed Costs, US $ Cyclones / Wet Scrubber Bag Filter 
Cyclones 
$6,450,000 $7,450,000 
Fan 
Tail Gas Scrubber 
Stack 
Tail Gas Scrubber Pumps 
Bag Filter 
In summary, the bag filter option is approximately $1 million more than the traditional cyclones and wet scrubber option. 
88   David M. Ivell /  Procedia Engineering  46 ( 2012 )  83 – 88 
4.2 Equipment Vents 
The airstream from the equipment vents is typically scrubbed in a venturi-cyclonic scrubber along with the gases from 
the reactor/granulator.  The pressure drop across the cyclones is expected to be similar to the pressure drop across the bag 
filter.  Since the reactor/granulator gases are now treated independently, however, both will necessitate separate fans.  Since 
less air will be scrubbed, the size of both the venturi-cyclonic and tail gas scrubbers along with the capacities of their 
circulating pumps will be reduced. 
Table 3 below summarizes the relative costs in a similar fashion to Table 2 above. 
Table 3 
Installed Costs, US $ Cyclones / Wet Scrubber Bag Filter 
Cyclones 
$10,600,000 $10,600,000 
R/G V Fan 
R/G V Scrubber 
Primary Scrubber Pumps 
Tail Gas Scrubber 
Stack 
Tail Gas Scrubber Pumps 
Bag Filter 
Vents Fan 
In summary both options require approximately the same capital outlay. 
There are energy savings that accrue from utilizing a bag filter in either option.  Table 4 below summarizes the fuel oil 
saving from recycling the warm air from the bag filter for use as dilution air in the dryer combustion chamber.  Also, the 
savings in power due to lower pressure drops are presented. 
Table 4 
Cooler Equipment Vents 
Heat Recovered per tonne DAP (kcals / 
$) 
8,318 0.35 9,416 0.39 
Power Saving per tonne DAP (kWh / $) 1.6 0.04 2.3 0.06 
Annual Savings $390,000 $450,000 
Note: Fuel Oil costs of $400 per tonne and power costs of 2.5 cents per kWh were assumed in the table above. 
5. Conclusions 
The use of a bag filter on the cooler airstream will require an additional capital outlay of the order of $1.0 Million.  This 
could be recouped in energy savings in less than three years. 
Provided that the warm air is recycled as dilution air to the dryer combustion chamber, installation of a bag filter on the 
equipment vents system is economically very attractive.  The upfront capital outlay is about the same as the wet scrubber 
option,   Annual savings of approximately $450,000 per year can be realized on a 1.0 Million tonne/year DAP plant. 
At the very least, bag filters should be strongly considered in a revamp situation when a capacity increase is desired as an 
alternate to building more or bigger scrubbers. 
